humans. Delayed gastric emptying is now recognized to be a common and clinically important problem, potentially leading to upper gastrointestinal symptoms, malnutrition, unpredictable absorption of orally administered drugs, poor control of blood glucose concentrations in patients with diabetes mellitus and impaired quality of life (1, 2) .
PREVALENCE AND ETIOLOGY
Gastroparesis may be acute or chronic (the latter has been defined arbitrarily as a disorder persisting for more than three months). Some of the causes of both acute and chronic gastric stasis are summarized in Table 1 . In patients with acute gastroparesis, correction of the underlying etiology is usually associated with restoration of gastric motor function; chronic causes are usually irreversible (2) . Drugs such as opiate analgesics and L-dopa, a generalized ileus due to surgery, severe infection and electrolyte disturbances are among the most common causes of acute gastroparesis. In patients with diabetes mellitus, the rate of gastric emptying is influenced by acute changes in the blood glucose concentration; emptying is slower during hyperglycemia than during euglycemia, and accelerated during hypoglycemia (3) . Viral-induced gastroparesis is usually reversible, albeit sometimes over a period of several months. A number of factors (including drugs, pain, sepsis, electrolyte imbalance and raised intracranial pressure) contribute to the slow gastric emptying that occurs frequently in patients who are critically ill; in this group of patients, gastroparesis may prevent effective enteral nutrition (4) .
The most common causes of chronic gastroparesis are diabetes mellitus, functional dyspepsia, gastroesophageal reflux disease and postsurgical delayed gastric emptying (1, 2) . Although the number of population-based studies is limited, many of the disorders associated with chronic gastroparesis are associated with a high prevalence of delayed gastric emptying of solids when measured scintigraphically; gastric emptying is delayed in 30% to 50% of patients with functional dyspepsia (5, 6) , longstanding diabetes mellitus (7) or gastroesophageal reflux disease (8) . It should be recognized that the magnitude of the delay in gastric emptying is often relatively modest in these patients, and it has been suggested that a distinction should be made between 'gastroparesis' and 'delayed gastric emptying'; ie, a diagnosis of gastroparesis is restricted to patients in whom emptying is grossly delayed. Moreover, there is evidence in patients with functional dyspepsia that the gastric emptying rate may also be associated with demographic factors, including sex and body weight (5) . It is well recognized that gastroparesis may be a complication of malignancy in the absence of gastric or intestinal obstruction, particularly in association with carcinomas of the pancreas, lung and breast. Chronic gastroparesis commonly accompanies diseases that cause motor dysfunction throughout the gastrointestinal tract (1) . Hence, it is not unusual for esophageal, small intestinal and colonic motility to be abnormal in patients with gastroparesis. Gastric surgery, often involving vagal interruption, gastric resection or a drainage procedure, may be associated with both delayed and more rapid gastric emptying, which cannot be discriminated on the basis of symptoms (1) . Infection with Helicobacter pylori does not appear to cause gastroparesis. Delayed gastric emptying occurs frequently in patients with anorexia nervosa, although it is uncertain whether this is a cause or a consequence of the condition (9); emptying often improves with recommencement of a significant nutritional intake and precedes significant weight gain (1) .
Most cases of chronic gastroparesis are presumed to result from abnormalities in the gastric smooth muscle and/or its intrinsic (myenteric) or extrinsic (parasympa- thetic and sympathetic) nervous innervation, although histological changes are not always apparent. It has been suggested that a delay in gastric emptying may reflect an increase in small intestinal feedback (10) . While this hypothesis has not been formally tested, it is recognized that, in patients with exocrine pancreatic insufficiency, gastric emptying of extracellular fat is accelerated due to impaired small intestinal feedback mechanisms (ie, fats have to be digested to fatty acids to slow gastric emptying [11] ), and this is likely to contribute to malabsorption. There is evidence that so-called 'early' type 2 diabetes mellitus may also be associated with accelerated gastric emptying (12) . Rapid gastric emptying is otherwise usually iatrogenic. In patients with previous duodenal ulceration and those with the Zollinger-Ellison syndrome, the rate of gastric emptying may be faster, but there is substantial overlap with the normal range.
NORMAL GASTRIC MOTOR FUNCTION
Gastric emptying involves storage of ingesta, mixing with gastric secretions, grinding of solid food into particles that are 1 to 2 mm in diameter, and the delivery of chyme into the small intestine at a rate designed to optimize digestion and absorption. Knowledge of the mechanical factors by which the stomach moves its contents into the small intestine is limited (2) . This situation reflects, at least in part, the technical difficulties associated with the investigation of human gastric motility. An optimal strategy to evaluate gastric mechanics dictates that a number of factors be measured simultaneously, such as gastric muscular contractions in different regions of the stomach and proximal small intestine, gastroduodenal pressure gradients and transpyloric flow (13) . There are fundamental differences in the potential impact on luminal flow of contractions that result in occlusion of the lumen and those that do not; hence both lumen-occlusive and nonlumen-occlusive contractions should be quantified. It is recognized that the spatiotemporal organization of muscular activity, not just contractile force, is an important determinant of the movement of luminal content (14) . Accordingly, many research studies use a combination of methods.
Cannon and Lieb (15) , in 1911, observed that transpyloric flow in animals is predominantly pulsatile rather than continuous. Thus, most liquefied chyme is propelled into the duodenum as a series of small gushes. The characteristics of individual flow pulses (both duration and volume) vary considerably, so that forward, interrupted and reverse flow may all occur (16, 17) . Contrary to the previous suggestion that one motor region could exert the dominant role, the major determinant of patterns of transpyloric flow appears to be the integration of motor activity in the proximal stomach, antrum, pylorus and proximal small intestine (13) .
The proximal region of the stomach primarily stores ingested food. During swallowing, vagally mediated transient receptive relaxation is followed by a more prolonged relaxation known as accommodation, so that an increase in gastric volume is not usually associated with a substantial rise in intragastric pressure (18) . The contractions of the distal stomach are controlled by electrical signals generated by a pacemaker region located on the greater curvature, which discharges at a rate of about three contractions/min (2) . The conduction of the slow wave within the gastric wall involves the interstitial cells of Cajal (2) . Distal stomach contractile activity is always associated with the gastric slow wave; however, the slow wave persists in the absence of gastric contractile activity. Normal fasting antral motility is cyclical; this is termed the migrating motor complex (MMC) (1) . The MMC consists of three phases that have a cycle time of about 100 min: phase 1 is motor quiescence (about 40 min), phase 2 is irregular contractions (about 50 min), and phase 3 is regular, high amplitude contractions at the maximal rate of three/min for 5 to 10 min. During phase 3, indigestible residues are emptied from the stomach into the small intestine, to be carried to the colon by the small intestinal MMC. Antral contractions play a major role in grinding solid food into small particles. Both fasting and postprandial patterns of intraluminal pressure in the distal stomach are complex. Phasic and tonic pyloric contractions occur over a narrow zone, either in isolation or in temporal association with antral contractions, and probably play a major role in the regulation of gastric emptying by acting as a brake (13); transpyloric flow can only occur when the pylorus is open. The mechanical determinants of individual flow episodes are poorly defined. Flow may reflect a local increase in the antroduodenal pressure difference due to peristaltic antral contractions, or be associated with a common cavity pressure difference between the distal antrum and proximal duodenum during periods of relative antral quiescence. A recent study suggested that the latter mechanism (so-called 'pressure' as opposed to 'peristaltic' pump) may be of primary importance (19) . Duodenal contractions may facilitate or retard gastric emptying; patterns of duodenal motility are also complex with substantial regional variations.
Patterns of gastric emptying are dependent on the physical and chemical composition of a meal (1), so that solids, nutrient liquids and non-nutrient liquids empty from the stomach at different rates. The overall emptying rate of digestible solids is characterized by a lag phase before emptying commences, followed by an emptying phase that approximates a linear pattern ( Figure 1 ). Intragastric volume and gravity influence gastric emptying of non-nutrient liquids, which empty from the stomach in an overall monoexponential pattern (20) .
The major factor regulating gastric emptying of nutrients is feedback inhibition triggered by receptors that are distributed throughout the small intestine; as a result of this inhibition, nutrient-containing liquids usually empty from the stomach at an overall rate of about 2 kcal/min. There are 'specific' small intestinal receptors for various nutrients (glucose, fatty acids and amino acids), with regional variations in receptor number and type. The extent of small intestinal feedback is dependent on both the number and site of small intestinal receptors that are exposed (21) , and is influenced by prior nutrient exposure (22) . Infusion of nutrients directly into the small intestine slows gastric emptying; this is associated with suppression of antral pressure waves, stimulation of pressure waves localized to the pylorus and a reduction in the tone of the proximal stomach (23) . Caeco-ileal reflux of short-chain fatty acids may also contribute to the regulation of gastric emptying (24) . The stomach is capable of considerable compensation before the overall rate of emptying, as opposed to the characteristics of individual flow pulses, is modified substantially (16) . In general, provided that small intestinal feedback is intact, the elimination of individual motor components does not prevent the slowing of emptying by nutrients.
MOTOR DYSFUNCTIONS IN PATIENTS
WITH GASTROPARESIS Abnormally slow stomach emptying may reflect a defective mechanical breakdown of food, an ineffective propulsion of intragastric content or an abnormally high resistance to emptying. In view of the incomplete understanding of the mechanisms that underlie normal gastric emptying, it is not surprising that the motor dysfunctions responsible for delayed gastric emptying are poorly characterized. An improved definition of motor abnormalities in gastroparesis should allow therapies designed to accelerate gastric emptying to be targeted more effectively. A limitation of many studies is that they assess the function of only one or two components in an integrated system. It is, nevertheless, clear that, in patients with gastroparesis, the motor abnormalities are heterogeneous and the organization of contractions is frequently impaired (1, 2) . Proximal gastric function is abnormal in many patients with postsurgical gastroparesis (18) , functional dyspepsia (6) and diabetic gastroparesis (25) . The emphasis of most studies has been on antral motility, which has usually been evaluated as an 'index' that takes into account the amplitude and frequency of pressure waves (26) , but provides no information about their organization. Both fasting and postprandial antral hypomotility occur frequently in patients with gastroparesis (26) . Increased pyloric motility does not appear to be a major factor contributing to gastroparesis (27) . Abnormal proximal small intestinal motor function occurs frequently in patients with gastroparesis. In some groups of patients with gastroparesis, there is a high prevalence of gastric dysrhythmias (usually measured by cutaneous electrogastrography), which may contribute to slow emptying (28) .
CLINICAL FEATURES
Disordered gastric motility may, at least theoretically, be associated with upper gastrointestinal symptoms, changes in oral drug absorption and alterations in glycemic control. Postprandial hypotension, leading to syncope and falls, is an important clinical problem, particularly in elderly patients and patients with autonomic dysfunction. The demonstration that the magnitude of the postprandial fall in blood pressure is related to the rate of gastric emptying has implications for the treatment of this condition (29) . While it is well established that gastric emptying is frequently delayed in patients with gastroesophageal reflux disease (8), its significance remains uncertain. Gastrointestinal symptoms: Many patients with gastroparesis suffer from severe symptoms, such as nausea, early satiation and postprandial fullness, which can lead to lifethreatening electrolyte imbalances and nutritional deficiencies. Vomiting of large volumes many hours after eating is strongly suggestive of gastroparesis. While it has been assumed that upper gastrointestinal symptoms are a direct result of a delay in gastric emptying, this concept is now recognized to be overly simplistic. In particular, the relationship between upper gastrointestinal symptoms and the rate of gastric emptying is generally considered to be weak; there is no doubt that some patients with marked delay in gastric emptying may have few, or no, upper gastrointestinal symptoms and that severe symptoms may remit spontaneously (1). This may apply particularly to patients with diabetes mellitus (7) (Figure 2 ). There is also a relatively poor relationship between the effects of prokinetic drugs on symptoms and gastric emptying. Moreover, many patients experience symptoms in the fasted state. It should, however, be recognized that, in most studies, symptoms were not evaluated using validated measures, and total symptom scores, rather than the severity of individual symptoms, was quantified. Recent studies of highly selected patients with functional dyspepsia have suggested that there is a close association between certain symptoms, such as postprandial 
measured radioisotopically in a normal subject (A), a diabetic patient with gastroparesis (B) and a patient after truncal vagotomy with pyloroplasty (C). The normal range (mean ± 2SD) is shown in the shaded areas. There is a marked delay of solid and liquid emptying in the diabetic patient. After truncal vagotomy and pyloroplasty, the initial emptying rate of a liquid is very rapid, while there is an overall delay in solid emptying. Reproduced with permission from reference 1
fullness and delayed gastric emptying of solids, when these symptoms are severe enough to influence usual activities (5) . Nonetheless, it is appropriate to regard delay in gastric emptying more as a marker of gastroduodenal motor abnormality than as the direct cause of symptoms. It seems likely that the cause of symptoms is, at least in many cases, multifactorial, albeit probably due to 'disordered motility' when considered in the broadest sense. For example, in patients with functional dyspepsia, symptoms may reflect visceral hypersensitivity (30) , impaired gastric accommodation (6), abnormal antral tone (31) and 'early' gastric emptying (32) . In patients with diabetes, upper gastrointestinal symptoms appear to be modulated by the blood glucose concentration, so that the perception of postprandial fullness is greater during hyperglycemia than during euglycemia (33) . Oral drug absorption: Gastric emptying is an important determinant of oral drug absorption; most orally administered drugs (including alcohol) are absorbed more slowly from the stomach than from the small intestine, because the latter has a much greater surface area (34, 35) . Thus, delayed gastric emptying (particularly that of tablets or capsules that are not degraded easily in the stomach) may lead to fluctuations in the serum concentrations of orally administered drugs; this is likely to be particularly relevant when a rapid onset of drug effect is desirable, as in the treatment of migraine and in diabetic patients taking oral hypoglycemic agents. There is relatively little information about drug absorption in patients with gastroparesis. However, changes in gastric emptying are not expected to have a major effect on steady-state blood concentrations of drugs that have longer half-lives, including prokinetic drugs. Alterations in glycemic control: Potential determinants of postprandial blood glucose concentrations include the delivery of nutrients to the small intestine, small intestinal absorption and hepatic glucose metabolism. While the relative contribution of each of these factors is controversial and likely to vary with time after a meal, it is clear that gastric emptying is a major determinant of the glycemic response to oral carbohydrate. In both normal subjects and patients with type 2 diabetes, the rate of gastric emptying accounts for approximately 35% of the variance in peak blood glucose after 50 to 75 g oral glucose loads (3). Moreover, carbohydrate-containing foods with high fibre or viscosity, and high fat meals that empty from the stomach slowly are associated with blunting of postprandial blood glucose concentrations (3) . In patients with type 1 diabetes the postprandial insulin requirement is initially less when gastric emptying is slower (36) ; hence the insulin regimen for these patients should take into account the rate of gastric emptying. Delayed gastric emptying caused by irreversible autonomic nerve dysfunction or variations in the blood glucose concentration may contribute to poor glycemic control in patients with diabetes by causing a mismatch between the onset of action of the insulin or oral hypoglycemic drug, and the absorption of nutrients from the small intestine. However, evaluation of this concept poses substantial challenges (37, 38) . In contrast, there is increasing evidence that modulation of the rate of gastric emptying may be a useful therapeutic approach to improving glycemic control in patients with diabetes mellitus, thereby reducing the risk of micro-and macrovascular complications (3, 39) . The outcome of long term clinical trials is awaited, but it has been established that short term administration of pramlintide (a human amylin analogue) and glucagon-like peptide-1 reduces postprandial hyperglycemia in patients with uncomplicated type 1 diabetes by slowing gastric emptying (3, 40) . In patients with type 2 diabetes, slowing of gastric emptying, whether induced by dietary modifications, or administration of cholecystokinin, glucagon-like peptide 1, or pramlintide, also decreases postprandial glucose concentrations (41, 42) . There is only limited information about the chronic effects of prokinetic therapy on glycemic control in patients with type 1 diabetes. Pharmacological improvement of delayed gastric emptying may improve the coordination between insulin delivery and nutrient absorption.
DIAGNOSIS
Although other tests show promise (43), scintigraphy is the most accurate and arguably the only clinically useful assessment of gastric motility. Unfortunately, there is a lack of standardization of scintigraphic techniques, with substantial variation among different centres, particularly with respect to the choice of test meal and the calculation of gastric emptying rates. Therefore, each laboratory needs to have access to an appropriate control range. Gastroparesis is usually defined as an emptying rate that is more than two standard deviations outside such a range. In patients with gastroparesis, there is a relatively poor correlation between gastric emptying of solid and liquid meal components. Therefore, a dual isotope technique is preferable, although this adds to the complexity of the test. If it is only feasible for a single isotope to be used, emptying of solids is usually measured. There is little evidence that this approach offers any substantial advantage over the use of semisolid or nutrient-containing liquid meals (43) , although it has been suggested that the use of solid markers that are of a firm texture and not readily fragmented may be optimal (44) .
Scintigraphic breath tests have been used to quantify solid and liquid gastric emptying, most recently using stable isotopes (45, 46) . While these tests are substantially cheaper and simpler than external scintigraphy and avoid the use of irradiation, there is considerable debate regarding the appropriate method to analyze the data, and studies in patients with gastroparesis are limited (46) . It seems likely that scintigraphic breath tests will prove to be useful as a screening test for gastroparesis and in large epidemiological studies.
MANAGEMENT OF GASTROPARESIS ASSOCIATED WITH GASTROINTESTINAL SYMPTOMS
The management of gastroparesis is often challenging. In any patient who presents with upper gastrointestinal symptoms and a suspected delay in gastric emptying, a comprehensive history and examination should be performed, followed by appropriate investigation to identify (particularly reversible) causes of gastroparesis (43) . Upper gastrointestinal endoscopy is usually required to exclude gastric outlet or proximal small intestinal obstruction, as well as mucosal disorders. When results of these investigations are unremarkable, gastric emptying should ideally be measured by scintigraphy (and possibly, in the future, by scintigraphic breath tests), which enables treatment to be targeted. Because of uncertainties about the predictive value of symptoms, objective measurement is required for the diagnosis of gastroparesis, and nonspecific terms such as 'gastropathy' and 'gastroparesis symptoms' are probably best avoided (47) . Despite these considerations, it is reasonable to give an empirical trial of prokinetic therapy for about four weeks, although it should be recognized that there is a substantial placebo response. However, there is no objective evidence to support the cost effectiveness of such an approach, and many patients require prolonged therapy. Gastric emptying must be measured if symptoms fail to improve or recur after the cessation of therapy and in patients who have had previous gastric surgery. While it is appropriate to initially attempt dietary modifications (eg, small meals, low fat, fibre solid foods and increased nutrient liquids), there is surprisingly little evidence to suggest that such an approach is useful. In patients with diabetes mellitus, rigorous attempts should be made to optimize glycemic control (3) .
The use of prokinetic drugs (cisapride, domperidone, metoclopramide and erythromycin) is the mainstay of therapy (48) , and most patients require drug treatment. In general, these drugs all provide dose-related improvements in gastric emptying, although their mechanisms of action differ ( Table 2 ). The response to prokinetic therapy tends to be greater when gastric emptying is more delayed. Because comparisons among these drugs are limited, it is difficult to give confident therapeutic recommendations. With the possible exception of erythromycin, all of these drugs have been shown to improve symptoms and quality of life (49, 50) . There is some evidence that tolerance may develop to the gastrokinetic effects of metoclopramide and domperidone (1) . The mechanical effects of prokinetic drugs that are responsible for faster gastric emptying are poorly defined; the dominant effect is likely related to a change in the organization of antroduodenal contractions to an expulsive pattern (51) (52) (53) . The response to prokinetic therapy is variable, and there is evidence that patients with myopathic and neuropathic disorders due to defective extrinsic neural innervation may respond less favourably (54) .
Erythromycin is the most potent drug when given intravenously (in doses of approximately 3 mg/kg or less) (55) and may be particularly useful in the initial phase of management (56) (57) (58) . When used orally, erythromycin may have greater efficacy when given as a suspension, rather than as a tablet (57), but is still probably less effective than when given intravenously (58) . It is uncertain whether tachyphylaxis to the effects of erythromycin occurs as a result of downregulation of motilin receptors (58) . It has recently been demonstrated, in healthy subjects and in patients with diabetes, that the response to erythromycin is markedly attenuated during hyperglycemia (59, 60) ; it is uncertain whether this effect occurs with other prokinetic drugs. The drug of first choice for oral administration is probably cisapride, which appears to have the most diffuse gastrointestinal effects (61) (62) (63) . While cisapride has been well tolerated in clinical trials, there have been recent reports of cardiac arrhythmias, including deaths (64) . It has been established that cisapride has the potential to induce cardiac adverse effects as a result of prolongation of the cardiac action potential (leading to lengthening of the electrocardiographic Q-T interval and torsades de pointes); these effects are likely to be related to class III antiarrhythmic properties, rather than 5-hydroxytryptamine (HT) 4 -receptor activation (64) . Other substituted benzamides, including metoclopramide and prucalopride, do not have class III antiarrhythmic effects. The clinical relevance of the cardiac effects of cisapride is still uncertain, particularly because the majority of patients who have died while taking cisapride had other risk factors and were taking the drug in relatively high doses (approximately 80 mg/day orally). However, the potential for cardiotoxicity dictates that the use of cisapride should be more circumspect than previously recommended, particularly in some populations, and has led to restrictions in its use in some countries. It is likely that the use of cisapride in the treatment of gastroesophageal reflux disease will decrease in the future, because there are other effective therapeutic approaches, but this may not apply to severe, symptomatic gastroparesis. Neonates, children and people with idiopathic, congenital or acquired long Q-T syndrome may be at particular risk for cardiac toxicity. Drugs that inhibit cisapride metabolism, such as ketoconazole, erythromycin and clarithromycin, or those that may prolong the Q-T interval, should not be used concurrently (64) . Before initiating therapy with cisapride, it may be appropriate to perform an electrocardiogram (a Q-T interval greater than 450 ms is probably a contraindication to its use) and electrolyte screen. It would not be surprising if there were an increase in the use of domperidone, which has been shown to improve quality of life in patients with gastroparesis, and is better tolerated than metoclopramide because of the reduced risk of central nervous system side effects (65, 66) . If symptoms are refractory to prokinetic therapy, a feeding jejunostomy may be required to maintain nutrition. In most cases, surgery is not recommended because it may be associated with deterioration. If surgery is performed, it should be done in specialized centres (67) . In patients with diabetes, there is anecdotal evidence that pancreatic transplantation may improve both gastric emptying and symptoms (3). Treatment of symptomatic gastroparesis is certainly not uniformly satisfactory, and novel therapeutic options are needed. Levosulpiride is a dopamine 2 antagonist/5-HT 4 agonist in development (37) . There may be therapeutic advantages to combining drugs that have different mechanisms of action, such as cisapride and domperidone. (The combination of cisapride with erythromycin is usually contraindicated.) The recognition of the important role of sensory nerves in regulating local reflexes and signalling information to the central nervous system suggests that drugs designed to modulate sensory feedback from the gastrointestinal tract, such as 5-HT 3 antagonists and kappa opiate agonists (68) , may have a therapeutic role. Therapies designed to relax the proximal stomach and reduce gastric wall tension, such as sumatriptan (6) and clonidine (69), may be useful when symptoms reflect an increase in the sensitivity of gastric mechanoreceptors or diminished gastric accommodation. Information relating to the effect of cholecystokinin A antagonists (70) in patients with gastroparesis is not yet available. Because erythromycin is associated with the risk of long term antibiotic use and, possibly, diminished efficacy, potent motilides that lack antibiotic activity have been developed (71) . The therapeutic role of these compounds remains to be established. Novel 5-HT 4 receptor agonists, which are not associated with potential cardiac toxicity, are also being evaluated.
It should be recognized that prokinetic drugs may also improve symptoms by effects unrelated to acceleration of gastric emptying (7, 31, 72, 73) . There is also renewed interest in the potential role of gastric electrical stimulation as a therapy (74) , using either neural electrical stimulation at a high frequency (which probably stimulates vagal sensory nerves and may suppress the vomiting centre) (75, 76) or gastric electrical pacing, in which electrical stimulation of cholinergic motor neurons approximates the physiological frequency (approximately three cycles/min) (77) . While there are observations to suggest that both approaches may be beneficial, controlled trials are required.
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